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Memorandum

Date: Octoberl9, 2006
To: Project File
From: Shamim Wright/ ENSR; Elizabeth Perry/ ENSR

Subject: Monitored Natural Attenuation (MNA)
Evaluation of the Ingersoll Rand(IR) Facility
in Phillipsburg, New Jersey

Distribution:

This technical memorandum discusses the MNA Evaluation that was conducted for the IR facility in
Phillipsburg, New Jersey (“site”). Refer to Figure 1 for the Site Location Map and Figure 2 for the Site
Plan). The objective of the MNA evaluation is to evaluate whether natural attenuation of the chlorinated
volatile organic compounds (“CVOCSs") in groundwater may be occurring. The protocol for this MNA
Evaluation is based on the USEPA Natural Attenuation Screening Process and evaluation of Lines of
Evidence as identified by the OSWER (Office of Solid Waste and Emergency Response) Directive
9200.4-17 (1997). Both are discussed in the September 1998 USEPA Technical Protocol for Evaluating
Natural Attenuation of Chlorinated Solvents in Ground Water. Both the screening process and the lines
of evidence evaluation are important elements in determining if natural attenuation of CVOCs is
occurring at the site. Groundwater data used for this evaluation includes historical volatile organic
compound (“VOC") data from April 2002 to May 2006 and geochemical data collected during two
focused groundwater sampling rounds in October 2005 and May 2006.

Presented in this Technical Memorandum are summaries of the groundwater data collection procedures
and results, the USEPA Screening Process description and results, the lines of evidence description
and results, and conclusions of the MNA evaluation.

Groundwater Data Collection and Results

Semi-annual monitoring activities have been conducted in accordance with ENSR’s February 2002 GW-
RIWP, the February 2002 Quality Assurance Project Plan (QAPP), the Technical Requirements for Site
Remediation, (N.J.A.C.7:26E), the May 1992 Field Sampling Procedures Manual, the 1997 SRP article
“The Low Down on Low-Flow”, and EPA’s April 1996 Low Flow Groundwater Sampling Procedures.
Groundwater monitoring was conducted for select wells using conventional purging and sampling, low-
flow purging and sampling, and/or passive bag sampling.

Groundwater monitoring for VOCs generally occurred during April and October of each year from 2002
to 2006. Groundwater samples were analyzed for VOCs. See Table 1 for VOC analytical results from
2002 to May 2006. During groundwater sample collection via conventional and low flow methods in the
field, select physical parameters were obtained including pH, oxidation reduction potential (“ORP"),
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dissolved oxygen (“DQ”), temperature, conductivity and turbidity. Also, geochemical parameters,
including heterotrophic bacteria, were sampled and analyzed for during two groundwater monitoring
rounds in October 2005 and April 2006. Refer to Tables 2a/2b (2005) and 3a/3b (2006) for the physical
parameters data from 2005 and 2006, geochemical parameters data from 2005 and 2006, and a select
list of VOCs (from 2004 to 2006).

Groundwater samples have been analyzed for VOCs for many years prior to 2002. It was decided to
incorporate only the data from 2002 to the present, because of consistency in sampling methods and
data management.

EPA Natural Attenuation Screening Process

The EPA screening process is a method that allows the investigator to evaluate through a numerical
ranking system if there is evidence for natural biodegradation of CVOCs to be occurring in the
environment. For most chlorinated solvents, specifically tetrachloroethene and 1,1,1-trichloroethane
and their degradation products, reductive dechlorination is the initial form of degradation that occurs in
an anaerobic environment. The screening process is designed to recognize geochemical environments
where reductive dechlorination is plausible. However, the screening process also recognizes that
degradation of select CVOCs can occur in aerobic environments as well. The screening involves
comparing the site-specific data to EPA-assigned target ranges and applying points to each parameter
based on how the data results compare to the EPA value. The sum of these points provides an
indication about the feasibility of biodegradation occurring on the site; the higher the sum, the greater
the chance that natural attenuation “NA”) is occurring. For further details, refer to Attachment A for
copies of the relevant pages from the September 1998 USEPA Technical Protocol for Evaluating
Natural Attenuation of Chlorinated Solvents in Ground Water.

The USEPA screening process was conducted using two data sets; October 2004/April 2005 CVOC

and October 2005 geochemical data and May 2006 CVOC and geochemical data. A summary of the
data is provided in Tables 2a/2b and 3a/3b. Results for the screening process is provided in Table 4
and the individual scoring sheets for each monitoring well are included in Attachment B.

The screening results suggest the full range of biodegradation, from inadequate to strong in various
wells. Wells with “inadequate evidence” results are located along the southern portion of the Site
(MWO03, MW06, MW30, MW33A, MW34, MW35, MW37, MW49, MW51A, MW53), background wells
(MW42 and MW47) along the north edge of the Site, wells east of the Site building (MW12, MW18,
MW20) and wells located west of the main site building (RW13 and MW16). Monitoring wells that have
“limited evidence” results include MW4 and MW53 (2006 data), located south of the main site building;
and MW20 (2006 data), located along the east side of the Site. The scoring indicates that the potential
conditions for biodegradation to be occurring at these three wells are redox conditions and daughter
products for MW4 and redox conditions at MW20 and MW53. Screening results for two wells (RW09
and RW16) located at the main Site building indicates adequate to strong evidence for biodegradation
based on solid evidence for redox conditions and daughter products in both 2005 and 2006. Monitoring
well RW09 results were strong and adequate for 2005 and 2006, respectively, and monitoring well
RW16 results were strong for 2005 and 2006.

Lines of Evidence

The OSWER Directive 9200.4-17 (1999) identifies three lines of evidence that can be used to evaluate
natural attenuation of chlorinated hydrocarbons as follows:
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(1) Historical groundwater and/or soil chemistry data that demonstrate a clear and meaningful trend
of decreasing contaminant mass and/or concentration over time at appropriate monitoring or
sampling points.

(2) Hydrogeologic and geochemical data that demonstrates indirectly the type of natural attenuation
processes active at the site, and the rate at which such processes will reduce contaminant
concentrations to required levels.

(3) Data from the field or microcosm studies which directly demonstrate the occurrence of a
particular natural attenuation process and its ability to degrade the contaminants of concern.

It is not necessary to analyze all three lines of evidence. The OSWER Directive provides guidance that
states that each line of evidence be evaluated depending on if the prior line of evidence is not sufficient
to make a determination of whether natural attenuation is occurring. For example, if the historical
groundwater data evaluation as identified in Item (1) is not sufficient, Item (2) would be evaluated and
S0 on.

For this MNA Evaluation we evaluated Item (1) trends in concentrations in groundwater over time and
Item (2) evaluation of geochemical data for reductive dechlorination. Also, samples from monitoring
wells were analyzed for heterotrophic plate count as an indicator of the presence of microbes.

Historical Groundwater Data Trend Analysis

Trend analysis plots were generated for VOC data from 2002 and 2006 detailed in Tables 1, 2a, and
3a/3b. Refer to Attachment C for trend plots of all the monitoring wells. The CVOC results for some
monitoring wells were all non detect (“ND”), therefore no trend was observed. These wells include
MW12, MW18 and MW20 (located east of the main Site building); MW42 and MW47 (background wells
located on the north side of the site); MW51A (west side of the Site), MW53, MW30 and MW49 (located
on the south side of the site). The remaining monitoring wells show decreasing trends, seasonal
fluctuations and/or current stable concentrations with or without decreasing trends at earlier dates (prior
to 2002). During the following description, tetrachloroethene (“PCE”) and associated daughter products
(i.e., trichloroethene (“TCE"), trans-1,2-dichloroethene (“trans-1,2-DCE”), 1,1-dichloroethene (“1,1-
DCE"), cis-1,2-dichloroethene (“cis,1,2-DCE"), vinyl chloride (“VC")) are referred to as ethenes and
1,1,1-trichloroethane (“1,1,1-TCA")) and associated daughter products (i.e., 1,1-dichloroethane (“1,1-
DCE"), chloroethane (“CA”")) are referred to as ethanes. Detailed observations for each of the
monitoring wells are listed below in the following table. A summary of observations for each well is
included in Table 4. A summary of trends observed in each area is following this table.

Monitoring Well Arsei"‘t‘eon Trend Analysis Results for 2002-2006 CVOC data
Chlorinated ethenes and ethanes: Relatively stable concentrations over
MWO03 South side | time, slight increase in recent sampling events. All concentrations less
than 5 ugl/l.
MWO4 South side Chlorinated ethenes: Seasonal concentration fluctuations observed.
Highest concentrations in fall (October) and stable over time.
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Chlorinated ethanes: Generally decreasing over time.

MWO06 Soiﬁg\geSt Ethenes and ethanes: Generally decreasing from 2003 to the present.
West s!de Ethenes and ethanes: Fluctuating levels, possible increase in recent
MW16 of main .
- sampling events.
building
Southwest | Ethenes and ethanes: Decreasing concentrations over time from
MW33A .
side 10/2002.
MW34 Soustir(;vevest Ethenes and ethanes: Decreasing over time since 2003.
Ethenes: Decreasing trend. Ethanes: Fluctuating concentrations -
Southwest : . o . . .
MW35 side concentrations remaining within consistent range of concentrations since
2002.
Ethenes: Decreasing trend observed for TCE.
MW37 South side Carbon tetrachloride concentrations present with decreasing trend
observed also.
Ethenes: Generally decreasing trend over time. Fluctuations of daughter
Main site | products (vinyl chloride) lag parent (cis-1,2-DCE) by about 1 year.
RWO09 -
building
Ethanes not present.
West side ) . Lo
. Ethenes and ethanes: Well not consistently sampled. Possible increase
RW13 of main . .
- in recent sampling events.
building
RW16 Main site | Ethenes: Seasonal influence. Stable to decreasing concentrations.
building Ethanes: fairly stable with slight fluctuations.

In summary chlorinated ethene concentrations are exhibiting the following behavior:

e Main site building - slowly decreasing over time with some fluctuations;

e West of the main site building - decreasing over time with some fluctuations (seasonal variations in

MW16), approaching stable conditions;

e South side of the Site — Each well exhibits different behaviors. Stable with slight increase in

October 2005 in MW3; fluctuating concentrations in a consistent range in MW4 with seasonal
variations; decreasing trend for TCE and carbon tetrachloride in MW37.
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e Southwest side of Site — Decreasing trend with concentrations approaching stable in MW6.

In summary chlorinated ethane concentrations are exhibiting the following behavior:

e Main site building — Stable concentrations in RW16 with all values ND in RWO09;

e West of the main site building — Stable concentrations until April 2005 when concentrations rise
through May 2006.

e South side of the Site — Stable to decreasing trend. Increasing fluctuation in MW3 in October 2005.
No chlorinated ethanes detected in MW37.

e Southwest side of Site — Decreasing to stable concentrations in all wells except MW35 which has
fluctuating concentrations in a stable/consistent range.

Geochemical Data Evaluation

The USEPA screening process provides a formal way of evaluating this line of evidence. The results of
the screening are presented above. Monitoring wells MW42 and MW47 are considered background
wells. In general, the evaluation of the geochemical results in combination with CVOCs, in particular
PCE and 1,1,1-TCA and associated daughter products, indicate conditions are highly favorable for
natural attenuation to occur at MW04, RW09 and RW16; moderately favorable for natural attenuation to
occur at MW03, MW16, MW35, MW53 and RW13; low to moderately favorable for natural attenuation to
occur at MW20, MW33A and MW34; and not very favorable for natural attenuation to occur at MWO06,
MW12, MW18, MW30, MW37, MW42, MW47, MW49 and MW51A. Note that CVOCs are not detected
at most of these last wells.

With respect to the areas of the site, the 2005 and 2006 geochemistry data indicate conditions are not
amenable to NA east and north of the main facility and in select areas south/west of the Site (i.e., south
and east of MW4, the west edge of the site (MW51A), and MWO06); moderately amenable to NA in select
areas on the south/west side of the site and on the southwest side of the main facility; and very
amenable to NA at the main site building and at MWO04 (south side of the Site).

Heterotrophic Plate Count

The heterotrophic plate count potentially provides information, in conjunction with other geochemical
data, regarding the presence of food source and if aerobic or anaerobic conditions are present. The
plate count laboratory analysis was for aerobic bacteria, but there are bacteria that modify themselves
based on subsurface conditions (i.e., change from aerobic to anaerobic in reducing conditions). Wells
with very low plate counts in both October 2005 and April 2006 include MW04, MW06, MW12, MW18,
MW20, MW30, MW34, MW42, MW47, and MWA49.

Following is an itemization of monitoring wells with moderate to high plate counts and the potential
reasons for the higher levels in each individual well. In reviewing the difference in data between
October 2005 and April 2006 for the following wells, no specific cause was identified for the differences.
No specific causes were identified for high to moderate plate counts in different areas of the sites
besides the higher bacterial activity possibly accounting for the observations that natural attenuation is
possibly or very certainly (depending on the well) taking place. However, there are monitoring wells
(specifically MWO04) with low plate counts with high potential for NA.
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e MWO03 - very high levels in April 2006 and low in October 2005. Oxidation reduction potential
(“ORP™) and DO was lower in April 2006 than October 2005 indicating more reducing conditions in
2006.

e MW16 - moderately high in April 2006 and low in October 2005. ORP and DO lower in April 2006
than October 2005 indicating more reducing conditions in 2006.

o MWa33A - moderate levels in April 2006 and low in October 2005 with no difference between
October and April geochemistry.

e MW35 - moderate in October 2005 and low in April 2006. Higher DO and lower sulfate
concentrations in October 2005.

e MWa37 - very high in October 2005 and April 2006. DO ranges from 8 — 9 mg/L. Indicates strong
microbial activity at this monitoring well.

e MWH51A - moderate in October 2005 and low in April 2006. DO and ORP slightly higher in October
2005.

e MWS53 - high in October 2005 and moderate in April 2006. High alkalinity in comparison to
background in other areas of the site. Slightly higher DO and sulfate and lower ORP in October
2005.

e RWAO09 — Low in October 2005 and moderate in April 2006. No major differences between October
2005 and April 2006 data.

e RW16 — Low in October 2005 and moderate in April 2006. No major differences between October
2005 and April 2006 data.

Conclusions and Recommendations

The conclusions have been developed based on the analysis of select monitoring wells at the site for
the EPA Natural Attenuation Screening Process, the Lines of Evidence including trend analysis and
geochemical data evaluation, and evaluating heterotrophic plate count at each monitoring well. When
combining the results of each evaluation tool it is evident that natural attenuation is taking place on the
site. The evaluation of monitoring wells RW16, RW09 and MWO04 indicate strong evidence that NA is
occurring near the main facility on the site and on the south side of the site. Favorable geochemistry,
presence of daughter products and stable to decreasing trends support this conclusion. Also, the
presence of an anthropogenic food source (product) near the main site facility may be increasing NA
activity.

Areas of the site where moderate NA activity was observed include MW16 and RW13 (west side of
main facility); MW53 (directly north of MWO04, no VOCs detected); MW37 (directly south of MWO04); and
MW33A, MW34, MW35 (along the west side of the southern portion of the Site). This conclusion is due
to the observations of decreasing trends and moderately favorable geochemistry/presence of daughter
products along the west side of the site, favorable geochemistry at MW53 and decreasing trends at
MW37 in the area of MWO04, and favorable geochemistry and presence of daughter products at the west
side of the main facility.
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Two locations where NA activity was assessed to be low (i.e., MW03 and MWO06 — both on the south
side of the Site) have stable CVOC concentrations. The stable concentrations indicate the residual
contamination has reached steady state conditions indicating concentrations will not increase over time.
Since the concentrations present are slightly above (i.e., only TCE is 1.3 ppb at MWO06 which is slightly
above the GWQC of 1 ppb) or below applicable criteria, continued monitoring of these locations is
sufficient as opposed to active remediation.

The locations where the potential for NA was assessed to be low are MW12, MW18, MW20, MW30,
MW42, MW47, MW49 and MW51A. All of these areas are not of concern as specified in the following
discussion. The area east of the main facility includes MW12, MW18 and MW20 which does not have
detectable levels of PCE and 1,1,1-TCA and associated daughter products, therefore this area is not of
concern regarding these contaminants. Locations MW42 and MW47 are background wells located on
the north and south edges of the Site and were sampled and evaluated for the purpose of assessing
background conditions. MW49, MW51A and MW30 all have non detect levels of PCE and 1,1,1-TCA
and associated daughter products so these are not areas of concern as well; also, these wells define
the extent of residual contamination in select areas of the site. These monitoring wells will continue to
be monitored in the future to continue to define the extent of contamination and assess background
conditions.

In summary, MNA has been evaluated to be a feasible remedial action for areas of the site that have
chlorinated solvent residual contamination present. These areas include the main facility, the south side
of the site and the west side of the site.

References
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2.2.1.2.4Mixed Behavior

As mentioned above, a single chlorinated solvent plume can exhibit all three types of behavior
in different portions of the plume. This can be beneficial for natural biodegradation of chlorinated
aliphatic hydrocarbon plumes. For example, Wiedemeier et al (1996a) describe a plume at
Plattsburgh AFB, New York, that exhibits Type 1 behavior in the source area and Type 3 behavior
downgradient from the source. The most fortuitous scenario involves a plume in which PCE, TCE,
and DCE are reductively dechlorinated with accumulation of VVC near the source area (Type 1 or
Type 2 behavior), then VC is oxidized (Type 3 behavior), either aerobically or via iron reduction
further downgradient. Vinyl chloride is oxidized to carbon dioxide in this type of plume and does
not accumulate. The following sequence of reactions occurs in a plume that exhibits this type of
mixed behavior.

PCE - TCE - DCE - VC - Carbon Dioxide

In general, TCE, DCE, and VC may attenuate at approximately the same rate, and thus these
reactions may be confused with simple dilution. Note that no ethene is produced during this reaction.
Vinyl chloride is removed from the system much faster under these conditions than it is under VC-
reducing conditions.

A less desirable scenario, but one in which all contaminants may be entirely biodegraded,
involves a plume in which all chlorinated aliphatic hydrocarbons are reductively dechlorinated via
Type 1 or Type 2 behavior. Vinyl chloride is reduced to ethene, which may be further reduced to
ethane or methane. The following sequence of reactions occurs in this type of plume.

PCE - TCE - DCE - VC - Ethene - Ethane

This sequence has been investigated by Freedman and Gossett (1989). In this type of plume,
VC degrades more slowly than TCE, and thus tends to accumulate.

2.2.2 Bioattenuation Screening Process

An accurate assessment of the potential for natural biodegradation of chlorinated compounds
should be made before investing in a detailed study of natural attenuation. The screening process
presented in this section is outlined in Figure 2.3. This approach should allow the investigator to
determine if natural bioattenuation of PCE, TCE, DCE, TCA, and chlorobenzenes is likely to be a
viable remedial alternative before additional time and money are expended. If the site is regulated
under CERCLA, much of the data required to make the preliminary assessment of natural attenuation
will be used to evaluate alternative engineered remedial solutions as required by the NCP. Table 2.3
presents the analytical screening criteria.

For most of the chlorinated solvents, the initial biotransformation in the environment is a
reductive dechlorination. The initial screening process is designed to recognize geochemical
environments where reductive dechlorination is plausible. It is recognized, however, that
bioodegradation of certain halogenated compounds can also proceed via oxidative pathways.
Examples include DCE, VC, the dichloroethanes, chloroethane, dichlorobenzenes,
monochlorobenzene, methylene chloride, and ethylene dibromide.

The following information is required for the screening process:

e The chemical and geochemical data presented in Table 2.3 for background and target
areas of the plume as depicted in Figure 2.4. Figure 2.4 shows the schematic locations of
these data collection points. Note: If other contaminants are suspected, then data on the
concentrations and distribution of these compounds also should be obtained.

» Locations of source(s) and potential points of exposure. If subsurface NAPLs are
sources, estimate extent of residual and free-phase NAPL.

» An estimate of the transport velocity and direction of ground-water flow.
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Figure 2.3 Initial screening pocess flow chart.
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Table 2.3

Biodegradation Processes¥

Analytical Parameters and Weighting for Preliminary Screening for Anaerobic

Concentration in
Most Contaminated

Analysis Zone Interpretation Value
Oxygen* <0.5 mg/L Tolerated, suppresses the reductive pathway at higher 3
concentrations
Oxygen* >5 mg/L Not tolerated; however, VC may be oxidized aerobically -3
Nitrate* <1 mg/L /At higher concentrations may compete with reductive pathway 2
Iron II* >1 mg/L Reductive pathway possible; VC may be oxidized under Fe(lll)-| 3
reducing conditions
Sulfate* <20 mg/L IAt higher concentrations may compete with reductive pathway 2
Sulfide* >1 mg/L Reductive pathway possible 3
Methane* <0.5 mg/L \VC oxidizes 0
>0.5 mg/L Ultimate reductive daughter product, VC Accumulates 3
Oxidation Reduction <50 millivolts (mV)  [Reductive pathway possible 1
Potential* (ORP) <-100mV Reductive pathway likely 2
against Ag/AgCl
electrode
pH* 5<pH<9 Optimal range for reductive pathway 0
5 > pH >9 Outside optimal range for reductive pathway -2
TOC > 20 mg/L Carbon and energy source; drives dechlorination; can be 2
natural or anthropogenic
[Temperature* > 20°C At T >20°C biochemical process is accelerated 1
Carbon Dioxide >2x background Ultimate oxidative daughter product 1
Alkalinity >2x background Results from interaction between CO; and aquifer minerals 1
Chloride* >2x background Daughter product of organic chlorine 2
Hydrogen >1 nM Reductive pathway possible, VC may accumulate 3
Hydrogen <1 nM \VC oxidized 0
\Volatile Fatty Acids > 0.1 mg/L Intermediates resulting from biodegradation of more complex 2
compounds; carbon and energy source
BTEX* > 0.1 mg/L Carbon and energy source; drives dechlorination 2
Tetrachloroethene Material released 0
Trichloroethene* Material released 0
Daughter product of PCE 2%
DCE* Material released 0
Daughter product of TCE 2%
If cis is > 80% of total DCE it is likely a daughter product
1,1-DCE can be chemical reaction product of TCA
VC* Material released 0
Daughter product of DCE 2%
1,1,1-Trichloroethane* Material released 0
DCA Daughter product of TCA under reducing conditions 2
Carbon Tetrachloride Material released 0
Chloroethane* Daughter product of DCA or VC under reducing conditions 2
Ethene/Ethane >0.01mg/L Daughter product of VC/ethene 2
>0.1 mg/L 3
Chloroform Material released 0
Daughter product of Carbon Tetrachloride 2
Dichloromethane Material released 0
Daughter product of Chloroform 2

* Required analysis. a Pants awarded only if it can be shown that the compound is a daughter product (i.e., not a constituent of the source

NAPL).
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Once these data have been collected, the screening process can be undertaken. The following

steps summarize the screening processes:

1)

2)

3)

4)

5)

6)

Determine if biodegradation is occurring using geochemical data. If biodegradation is
occurring, proceed to step 2. If it is not, assess the amount and types of data available. If
data are insufficient to determine if biodegradation is occurring, collect supplemental data.
If all the recommended screening parameters listed in section 2.2 have been collected and
the screening processes suggest that natural attenuation is not appropriate, the screening
processes are finished. Perform site characterization to evaluate other remediation alterna-
tives.

Determine ground-water flow and solute transport parameters from representative field
data. Dispersivity and porosity may be estimated from literature but the hydraulic conduc-
tivity and the ground-water gradient and flow direction must be determined from field
data. The investigator should use the highest valid hydraulic conductivity measured at the
site during the preliminary screening because solute plumes tend to follow the path of
least resistance (i.e., highest hydraulic conductivity). This will give the “worst-case”
estimate of the solute migration distance over a given period of time. Compare this
“worst-case” estimate with the rate of plume migration determined from site characteriza-
tion data. Determine what degree of plume migration is accepable or unacceptable with
respect to site-specific remediation objectives.

Locate source(s) and potential points of exposure. If subsurface NAPLS are sources,
estimate extent of residual and free-phase NAPL.

Estimate the biodegradation rate constant. Biodegradation rate constants can be estimated
using a conservative tracer found commingled with the contaminant plume, as described
in Appendix C and by Wiedemeier et al.(1996b). When dealing with a plume that con-
tains chlorinated solvents, this procedure can be modified to use chloride as a tracer. Rate
constants derived from microcosm studies can also be used when site specific field data
are inadequate or inconclusive. If it is not possible to estimate the biodegradation rate
using these procedures, then use a range of accepted literature values for biodegradation of
the contaminants of concern. Appendix C presents a range of biodegradation rate con-
stants for various compounds. Although literature values may be used to estimate
biogradation rates in the bioattenuation screening process described in Section 2.2, litera-
ture values should not be used in the later more detailed analysis of natural attenuation,
described in Section 2.3.

Compare the rate of transport to the rate of attenuation.

Use analytical solutions or a screening model such as BIOSCREEN.

Determine if screening criteria are met.

Step 1: Determine if Biodegradation is Occurring

The first step in the screening process is to sample or use existing data for the areas represented

in Figure 2.4 and analyze them for the parameters listed in Table 2.3 (see also Section 2.3.2). These
areas should include (1) the most contaminated portion of the aquifer (generally in the “source”
area with NAPL or high concentrations of contaminants in ground water ; (2) downgradient from
the source area but still in the dissolved contaminant plume; (3) downgradient from the dissolved
contaminant plume; and (4) upgradient and lateral locations that are not impacted by the plume.
Although this figure is a simplified two-dimensional representation of the features of a contaminant
plume, real plumes are three-dimensional objects. The sampling should be conducted in accordance
with Appendix A.
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Dissolved Contaminant Plume
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O Representative Sampling Location

Figure 2.4 Target aeas for collectingscreening data.Note that the number and location of monitoring
wells will vary with the thee dimensional complexity of the plume(s).

The sample collected in the NAPL source area provides information as to the predominant
terminal electron-accepting process at the source area. In conjunction with the sample collected in
the NAPL source zone, samples collected in the dissolved plume downgradient from the NAPL
source zone allow the investigator (1) to determine if the plume is degrading with distance along
the flow path and (2) to determine the distribution of electron acceptors and donors and metabolic
by-products along the flow path. The sample collected downgradient from the dissolved plume
aids in plume delineation and allows the investigator to determine if metabolic byproducts are
present in an area of ground water that has been remediated. The upgradient and lateral samples
allow delineation of the plume and determination of background concentrations of the electron
acceptors and donors.

After these samples have been analyzed for the parameters listed in Table 2.3, the investigator
should analyze the data to determine if biodegradation is occurring. The right-hand column of
Table 2.3 contains scoring values that can be used as a test to assess the likelihood that biodegradation
is occurring. This method relies on the fact that biodegradation will cause predictable changes in
ground water chemistry. For example, if the dissolved oxygen concentration in the area of the
plume with the highest contaminant concentration is less than 0.5 milligrams per liter (mg/L), 3
points are awarded. Table 2.4 summarizes the range of possible scores and gives an interpretation
for each score. If the score totals 15 or more points, it is likely that biodegradation is occurring, and
the investigator should proceed to Step 2.
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Table 2.4 Interpretation of Points warded During Sagening Step 1

Score Interpretation
0to5 Inadequate evidence for anaerobic biodegradation* of chlorinated organics
6to 14 Limited evidence for anaerobic biodegradation* of chlorinated organics
15t0 20 Adequate evidence for anaerobic biodegradation* of chlorinated organics
> 20 Strong evidence for anaerobic biodegradation* of chlorinated organics

*reductive dechlorination

The following two examples illustrate how Step 1 of the screening process is implemented.
The site used in the first example is a former fire training area contaminated with chlorinated
solvents mixed with fuel hydrocarbons. The presence of the fuel hydrocarbons appears to reduce
the ORP of the ground water to the extent that reductive dechlorination is favorable. The second
example contains data from a dry cleaning site contaminated only with chlorinated solvents. This
site was contaminated with spent cleaning solvents that were dumped into a shallow dry well situated
just above a well-oxygenated, unconfined aquifer with low organic carbon concentrations of dissolved
organic carbon.

Example 1: Strong Evidence for Anaerobic Biodegradation (Reductive Dechlorination) of
Chlorinated Organics

Analyte Concentration in Most Contaminated Zone Points Awarded
Dissolved Oxygen 0.1 mg/L 3
Nitrate 0.5 mg/L 2
Tron (IT) T0 mg/C 3
Sulfate 2 mg/L 2
Viethane o mg/L 3
ORP -190 mV 2
Chloride 3 times background 2
PCE (released) 1,000 pg/L 0
TCE (none released) 1,200 pg/L 2
cis-DCE (none released) 500 pg/L 2
VC (none released) 50 pg/L 2

Total Points Awarded 23 Points

In this example, the investigator can infer that biodegradation is likely occurring at the time of
sampling and may proceed to Step 2.

Example 2: Anaerobic Biodegradation (Reductive Dechlorination) Unlikely

Analyte Concentration in Most Contaminated Zone Points Awarded
Dissolved Oxygen 3 mg/L -3
Nitrate 0.3 mg/L 2
Iron (I1) Not Detected (ND) 0
Sulfate 10 mg/L 2
Methane ND 0
ORP +100 mV 0
Chloride background 0
TCE (released) 1,200 pg/L 0
cis-DCE (none released) ND 0
VVC (none released) ND 0

Total Points Awarded 1 Point
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In this example, the investigator can infer that biodegradation is probably not occurring or is
occurring too slowly to contribute to natural attenuation at the time of the sampling. In this case,
the investigator should evaluate whether other natural attenuation processes can meet the cleanup
objectives for the site (e.g., abiotic degradation or transformation, volatilization or sorption) or
select a remedial option other than MNA.

Step 2: Determine Ground-water Flow and Solute Transport Parameters

After it has been shown that biodegradation is occurring, it is important to quantify ground-
water flow and solute transport parameters. This will make it possible to use a solute transport
model to quantitatively estimate the concentration of the plume and its direction and rate of travel.
To use an analytical model, it is necessary to know the hydraulic gradient and hydraulic conductivity
for the site and to have estimates of porosity and dispersivity. Italso is helpful to know the coefficient
of retardation. Quantification of these parameters is discussed in detail in Appendix B.

In order to make the modeling as accurate as possible, the investigator must have site-specific
hydraulic gradient and hydraulic conductivity data. To determine the ground-water flow and solute
transport direction, it is necessary to have at least three accurately surveyed wells in each
hydrogeologic unit of interest at the site. The porosity and dispersivity are generally estimated
using accepted literature values for the aquifer matrix materials containing the plume at the site. If
the investigator has total organic carbon data for soil, it is possible to estimate the coefficient of
retardation; otherwise, it is conservative to assume that the solute transport and ground-water
velocities are the same. Techniques to collect these data are discussed in the appendices.

Step 3: Locate Sources and Receptor Exposure Points

To determine the length of flow for the predictive modeling to be conducted in Step 5, it is
important to know the distance between the source of contamination, the leading edge along the
core of the dissolved plume, and any potential downgradient or cross-gradient receptor exposure
points.

Step 4: Estimate the Biodegradation Rate

Biodegradation is the most important process that degrades contaminants in the subsurface;
therefore, the biodegradation rate is one of the most important model input parameters.
Biodegradation of chlorinated aliphatic hydrocarbons can be represented as a first-order rate constant.
Whenever possible, use site-specific biodegradation rates estimated from field data collected along
the core of the plume. Calculation of site-specific biodegradation rates is discussed in Appendix C.
If it is not possible to determine site-specific biodegradation rates, then literature values may be
used in a sensitivity analysis (Table C.3.5). A useful approach is to start with average values, and
then to vary the model input to predict “best-case” and “worst-case” scenarios. Estimated
biodegradation rates can be used only after it has been shown that biodegradation is occurring (see
Step 1). Although literature values may be used to estimate biodegradation rates in the bioattenuation
screening process described in Section 2.2, additional site information should be collected to
determine biodegradation rates for the site when refining the site conceptual model, as described in
Section 2.3. Literature values should not be used during the more detailed analysis.

Step 5: Compare the Rate of Transport to the Rate of Attenuation

At this early stage in the natural attenuation demonstration, comparison of the rate of solute
transport to the rate of attenuation is best accomplished using an analytical model. Several models
are available. It is suggested that the decay option be first order for use in any of the models.

The primary purpose of comparing the rate of transport to the rate of natural attenuation is to
determine if natural attenuation processes will be capable of attaining site-specific remediation
objectives in a time period that is reasonable compared to other alternatives (i.e., to quantitatively
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Heterotroph Plate Count**

<500 CFU/ml is low range; 900-2000 CFU/ml is

moderate; >10,000 CFU/ml is high

Notes:

* required analysis according to EPA Technical Protocol for Evaluating Natural Attenuatin of Chlorinated Solvents in Groundwater
Background of alkalinity and chloride used fromMW-47 (NE site edge location)and MW42 (NW cprmer of site)
**Not part of the EPA screening process. A measurement conducted for additional information.

(a) Alkalinity background calculation. Background is average of the concentrations from MW42 and MW47.
2005 determination of background alkalinity: (257mg/L (MW42) + 256 mg/L (MWA47))/2 = 256.5 mg/L. Twice background is 513 mg/L.
2006 determination of background alkalinity: (2*((241+318)/2) = 559 mg/L)

(b) Chloride 2xbackground calculation. Background is average of the concentrations from MW42 and MW47.
2005 determination of background chloride (50.9 mg/L (MW42) + 27.3 mg/L (MW47))/2 = 39 mg/L. Twice background is 78.2 mg/L.
2006 determination of background chloride (2*((41.9+89)/2)=130.9 mg/L)

(c) Datais listed in this order: tran12DCE, 11DCE, cis12DCE

(d) See Table 3A for specific data results where non-detect (ND) is listed above.

http://share/sites/Ipm/ir/2006 Groundwater Report/Appendices/Appendix K Attachment B Screening.xls

Natural Attenuation Interpretation Score Score
Screenin g Inadequate evidence for anaerobic biodegradation* of chlorin| Oto5 2005 2006
Protocol Limited evidence for anaerobic biodegradation* of chlorinated 6to 14 2 5
MW3 Adequate evidence for anaerobic biodegradation* of chlorinaf 15 to 20 Inadequate Inadequate
Strong evidence for anaerobic biodegradation* of chlorinated >20
Concentration in 2005 2006
Analysis Most Contam. Zone Yes | Data Points Data (d) Points
Oxygen* <0.5 mg/L Tolerated, suppresses the reductive pathway at hi 3 6.41 0 25 0
concentrations
> 5mg/L Not tolerated; however, VC may be oxidized aerob| -3 -3 0
Nitrate* <1 mg/L At higher concentrations may compete with reduct 2 2.6 0 17 0
pathway
Iron I1* >1 mg/L Reductive pathway possible; VC may be oxidized 3 0.1U 0 0.15 0
(ferrous-soluble) Fe(lll)-reducing conditions
Sulfate* <20 mg/L At higher concentrations may compete with reduct 2 935 0 107 0
pathway
Sulfide* >1 mg/L Reductive pathway possible 3 1 0 2U 0
Methane* >0.5 mg/L Ultimate reductive daughter product, VC Accumulg 3 0.005U 0 0.672 0
(<0.5 VC oxidizes)
Oxidation <50 millivolts (mV) Reductive pathway possible 1 41 1 1
Reduction
Potential* (ORP) <-100mV Reductive pathway likely 2 0 -101 2
pH* 5<pH<9 Optimal range for reductive pathway 0 6.97 0 0
5>pH>9 Outside optimal range for reductive pathway -2
TOC >20 mg/L Carbon and energy source; drives dechlorination; 2
natural or anthropogenic
Temperature* >20°C At T >20°C biochemical process is accelerated 1
Carbon Dioxide >2x background Ultimate oxidative daughter product 1
Alkalinity © >2x background Results from interaction of carbon dioxide with aqu 1 398 0 408 0
2005: 513 / 2006: 559 |minerals
Chloride* ® >2x background Daughter product of organic chlorine 2 45.8 0 30.7 0
2005: 78.2 / 2006: 130.9
Hydrogen >1 nM Reductive pathway possible, VC may accumulate 3 NS NS
<inM VC oxidized 0
Volatile Fatty Acids >0.1 mg/L Intermediates resulting from biodegradation of aro 2 NS NS
compounds; carbon and energy source
BTEX* >0.1 mg/L Carbon and energy source; drives dechlorination 2 ND 0 ND 0
(100 ug/L)
PCE* Material released 0 0.4U 0 0.28U 0
TCE* Daughter product of PCE 2 0.6 0 0.48) 0
DCE* © Daughter product of TCE. 2 fran-0.3y 2 0.38U 0
If cis is greater than 80% of total DCE it is likely a daughté1DCE - 0.3U 0.58U
product of TCE; 1,1-DCE can be a chem. reaction product 4 cis-1 0.64J
VC* Daughter product of DCE 2 4U 0 0.35U 0
111- Material released 0 11 0 11 0
Trichloroethane*
DCA Daughter product of TCA under reducing condition| 2 29 2 2.3 2
Carbon Material released 0 0.3U 0 0.3U 0
Tetrachloride
Chloroethane* Daughter product of DCA or VC under reducing co[ 2 0.4U 0 0.33U 0
Ethene/Ethane >0.01 mg/L Daughter product of VC/ethene 2 0.005U 0 0.0001U 0
0.005U 0.0001U
>0.1 mg/L Daughter product of VC/ethene 8 0 0
Chloroform Daughter product of Carbon Tetrachloride 2 0.3U 0 0.19U 0
Dichloromethane Daughter product of Chloroform 2 NS
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Natural Attenuation Interpretation Score Score
Screenin g Inadequate evidence for anaerobic biodegradation* of chlorin 0to5 2005 2006
Protocol Limited evidence for anaerobic biodegradation* of chlorinated 6to 14 12 12
MW4 Adequate evidence for anaerobic biodegradation* of chlorinat 15 to 20 Ilimited limited
Strong evidence for anaerobic biodegradation* of chlorinated >20 I
Concentration in 2005 2006
Analysis Most Contam. Zone Yes Data Points Data (d) Points
Oxygen* <0.5 mg/L Tolerated, suppresses the reductive pathway at hi 3 4.98 0 181 0
concentrations
> 5mg/L Not tolerated; however, VC may be oxidized aerob[ -3 0
Nitrate* <1 mg/L At higher concentrations may compete with reduct 2 0.11 2 0.38 2
pathway
Iron II* >1 mg/L Reductive pathway possible; VC may be oxidized 3 0.1U 0 0.1U 0
(ferrous-soluble) Fe(lll)-reducing conditions
Sulfate* <20 mg/L At higher concentrations may compete with reduct 2 70.8 0 69.4 0
pathway
Sulfide* >1 mg/L Reductive pathway possible 3 1 0 1 0
Methane* >0.5 mg/L Ultimate reductive daughter product, VC Accumuld 3 0.014 0 0.009 0
(<0.5 VC oxidizes)
Oxidation <50 millivolts (mV) Reductive pathway possible 1 29 1 49 1
Reduction
Potential* (ORP) <-100mV Reductive pathway likely 2 0 0
pH* 5<pH<9 Optimal range for reductive pathway 0
5>pH>9 Outside optimal range for reductive pathway -2
TOC >20 mg/L Carbon and energy source; drives dechlorination; 2
natural or anthropogenic
Temperature* >20°C At T >20°C biochemical process is accelerated 1
Carbon Dioxide >2x background Ultimate oxidative daughter product 1

Alkalinity © >2x background Results from interaction of carbon dioxide with aqu 1 769 1 809 1
2005: 513/ 2006: 559 |minerals
Chloride* ® >2x background Daughter product of organic chlorine 2 25.6 0 16.4 0
2005: 78.2 / 2006: 130.9
Hydrogen >1 nM Reductive pathway possible, VC may accumulate 3 NS
<1lnM VC oxidized 0

Volatile Fatty Acids >0.1 mg/L Intermediates resulting from biodegradation of aroi 2 NS

compounds; carbon and energy source
BTEX* >0.1 mg/L Carbon and energy source; drives dechlorination 2 ND

(100 ug/L)

PCE* Material released 0 8.1 0 10.6 0
TCE* Daughter product of PCE 2 21 2 17.3 2
DCE* © Daughter product of TCE. 2 0.7 2 0.86J 2

If cis is greater than 80% of total DCE it is likely a daughter 0.6 0.78]

product of TCE; 1,1-DCE can be a chem. reaction product 78 52.9
VC* Daughter product of DCE 2 39 2 25.2 2
11,1- Material released 0 0.9 0 0.65J 0
Trichloroethane*
DCA Daughter product of TCA under reducing condition| 2 13 2 14 2
Carbon Material released 0 0.3U 0 0.3U 0
Tetrachloride
Chloroethane* Daughter product of DCA or VC under reducing co| 2 0.4U 0 0.33U 0
Ethene/Ethane >0.01 mg/L Daughter product of VC/ethene 2 0.005U 0 0.00023 0

0.005U 0.001U
>0.1 mg/L Daughter product of VC/ethene 3 0 0

Chloroform Daughter product of Carbon Tetrachloride 2 0.3U 0 0.19U 0
Dichloromethane Daughter product of Chloroform 2 NS

Heterotroph Plate Count**

<500 CFU/ml is low range; 900-2000 CFU/ml is
moderate; >10,000 CFU/ml is high 237

Notes:

* required analysis according to EPA Technical Protocol for Evaluating Natural Attenuatin of Chlorinated Solvents in Groundwater

Background of alkalinity and chloride used fromMW-47 (NE site edge location)and MW42 (NW cprmer of site)
**Not part of the EPA screening process. A measurement conducted for additional information.

(a) Alkalinity background calculation. Background is average of the concentrations from MW42 and MW47.
2005 determination of background alkalinity: (257mg/L (MW42) + 256 mg/L (MW47))/2 = 256.5 mg/L. Twice background is 513 mg/L.
2006 determination of background alkalinity: (2*((241+318)/2) = 559 mg/L)

(b) Chloride 2xbackground calculation. Background is average of the concentrations from MW42 and MW47.
2005 determination of background chloride (50.9 mg/L (MW42) + 27.3 mg/L (MWA47))/2 = 39 mg/L. Twice background is 78.2 mg/L.
2006 determination of background chloride (2*((41.9+89)/2)=130.9 mg/L)

(c) Data is listed in this order: tran12DCE, 11DCE, cis12DCE

(d) See Table 3A for specific data results where non-detect (ND) is listed above.

http://share/sites/Ipm/ir/2006 Groundwater Report/Appendices/Appendix K Attachment B Screening.xls
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Natural Attenuation Interpretation Score Score
Screenin g Inadequate evidence for anaerobic biodegradation* of chlorin 0to5 2005 2006
Protocol Limited evidence for anaerobic biodegradation* of chlorinated 6to 14 4 0
MW6 Adequate evidence for anaerobic biodegradation* of chlorina 15to0 20 inadequate inadequate
Strong evidence for anaerobic biodegradation* of chlorinated >20
Concentration in 2005 2006
Analysis Most Contam. Zone Yes | Data Points Data (d) Points
Oxygen* <0.5 mg/L Tolerated, suppresses the reductive pathway at hi 3 6.41 6.42
concentrations
> 5mg/L Not tolerated; however, VC may be oxidized aerob[ -3 -3 -3
Nitrate* <1 mg/L At higher concentrations may compete with reduct 2 0.97U 2 1.6 0
pathway
Iron II* >1 mg/L Reductive pathway possible; VC may be oxidized 3 0.1U 0 0.2U 0
(ferrous-soluble) Fe(lll)-reducing conditions
Sulfate* <20 mg/L At higher concentrations may compete with reduct 2 178 0 469 0
pathway
Sulfide* >1 mg/L Reductive pathway possible 3] v 0 2U 0
Methane* >0.5 mg/L Ultimate reductive daughter product, VC Accumuld 3 0.005U 0 0.0001U 0
(<0.5 VC oxidizes)
Oxidation <50 millivolts (mV) Reductive pathway possible 1 41 1 45 1
Reduction
Potential* (ORP) <-100mV Reductive pathway likely 2 0 0
pH* 5<pH<9 Optimal range for reductive pathway 0 6.97 0 7.16 0
5>pH>9 Outside optimal range for reductive pathway -2
TOC >20 mg/L Carbon and energy source; drives dechlorination; 2
natural or anthropogenic
Temperature* >20°C At T >20°C biochemical process is accelerated 1
Carbon Dioxide >2x background Ultimate oxidative daughter product 1

Alkalinity © >2x background Results from interaction of carbon dioxide with aqu 1 236 0 292 0
2005: 513/ 2006: 559 |minerals
Chloride* ® >2x background Daughter product of organic chlorine 2 5U 0 113 0
2005: 78.2 / 2006: 130.9
Hydrogen >1 nM Reductive pathway possible, VC may accumulate 3 NS NS
<1lnM VC oxidized 0

Volatile Fatty Acids >0.1 mg/L Intermediates resulting from biodegradation of aroi 2 NS NS

compounds; carbon and energy source
BTEX* >0.1 mg/L Carbon and energy source; drives dechlorination 2 ND 0 ND 0

(100 ug/L)

PCE* Material released 0 1 0 0.28U 0
TCE* Daughter product of PCE 2 6.2 2 13 0
DCEZ® Daughter product of TCE. 2 0.3U 0 0.38U 0

If cis is greater than 80% of total DCE it is likely a daughter| 4.4 15

product of TCE; 1,1-DCE can be a chem. reaction product 4 0.4U 0.56U
VC* Daughter product of DCE 2 0.4U 0 0.35U 0
11,1- Material released 0 46 0 6.3 0
Trichloroethane*
DCA Daughter product of TCA under reducing condition| 2 12 2 2.2 2
Carbon Material released 0 0.3U 0 0.3U 0
Tetrachloride
Chloroethane* Daughter product of DCA or VC under reducing co| 2 0.4U 0 0.33U 0
Ethene/Ethane >0.01 mg/L Daughter product of VC/ethene 2 0.005U 0 0.0001U 0

0.005U 0.0001U
>0.1 mg/L Daughter product of VC/ethene 3 0 0

Chloroform Daughter product of Carbon Tetrachloride 2 0.3U 0 0.19U 0
Dichloromethane Daughter product of Chloroform 2 NS 0 NS

<500 CFU/ml is low range; 900-2000 CFU/ml is
Heterotroph Plate Count** moderate; >10,000 CFU/ml is high 145 550

Notes:

* required analysis according to EPA Technical Protocol for Evaluating Natural Attenuatin of Chlorinated Solvents in Groundwater

Background of alkalinity and chloride used fromMW-47 (NE site edge location)and MW42 (NW cprmer of site)
**Not part of the EPA screening process. A measurement conducted for additional information.

(a) Alkalinity background calculation. Background is average of the concentrations from MW42 and MW47.
2005 determination of background alkalinity: (257mg/L (MW42) + 256 mg/L (MW47))/2 = 256.5 mg/L. Twice background is 513 mg/L.
2006 determination of background alkalinity: (2*((241+318)/2) = 559 mg/L)

(b) Chloride 2xbackground calculation. Background is average of the concentrations from MW42 and MW47.
2005 determination of background chloride (50.9 mg/L (MW42) + 27.3 mg/L (MWA47))/2 = 39 mg/L. Twice background is 78.2 mg/L.
2006 determination of background chloride (2*((41.9+89)/2)=130.9 mg/L)

(c) Data is listed in this order: tran12DCE, 11DCE, cis12DCE

(d) See Table 3A for specific data results where non-detect (ND) is listed above.
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Natural Attenuation Interpretation Score Score
Screenin g Inadequate evidence for anaerobic biodegradation* of chlorin 0to5 2005 2006
Protocol Limited evidence for anaerobic biodegradation* of chlorinated 6to 14 0 5
MW12 Adequate evidence for anaerobic biodegradation* of chlorina 15to0 20 inadequate inadequate
Strong evidence for anaerobic biodegradation* of chlorinated >20
Concentration in 2005 2006
Analysis Most Contam. Zone Yes | Data Points Data (d) Points
Oxygen* <0.5 mg/L Tolerated, suppresses the reductive pathway at hi 3 5.63 0 312 0
concentrations
> 5mg/L Not tolerated; however, VC may be oxidized aerob[ -3 -3 0
Nitrate* <1 mg/L At higher concentrations may compete with reduct 2 0.58 2 0.28 2
pathway
Iron II* >1 mg/L Reductive pathway possible; VC may be oxidized 3 0.21 0 22U 0
(ferrous-soluble) Fe(lll)-reducing conditions
Sulfate* <20 mg/L At higher concentrations may compete with reduct 2 221 0 213 0
pathway
Sulfide* >1 mg/L Reductive pathway possible 3 1 0 2U 0
Methane* >0.5 mg/L Ultimate reductive daughter product, VC Accumuld 3 0.044 0 0.0101 0
(<0.5 VC oxidizes)
Oxidation <50 millivolts (mV) Reductive pathway possible 1 -97 1 -143 1
Reduction
Potential* (ORP) <-100mV Reductive pathway likely 2 0 2
pH* 5<pH<9 Optimal range for reductive pathway 0 7.19 0 7.29 0
5>pH>9 Outside optimal range for reductive pathway -2
TOC >20 mg/L Carbon and energy source; drives dechlorination; 2 NS
natural or anthropogenic
Temperature* >20°C At T >20°C biochemical process is accelerated 1 14.55
Carbon Dioxide >2x background Ultimate oxidative daughter product 1 NS
Alkalinity © >2x background Results from interaction of carbon dioxide with aqu 1 333
2005: 513 / 2006: 559 |minerals
Chloride* ® >2x background Daughter product of organic chlorine 2 50.6 0 39.2 0
2005: 78.2 / 2006: 130.9
Hydrogen >1 nM Reductive pathway possible, VC may accumulate 3 NS NS
<1nM VC oxidized 0
Volatile Fatty Acids >0.1 mg/L Intermediates resulting from biodegradation of aroi 2 NS NS
compounds; carbon and energy source
BTEX* >0.1 mg/L Carbon and energy source; drives dechlorination 2 ND 0 ND 0
(100 ug/L)
PCE* Material released 0 0.4U 0 0.44) 0
TCE* Daughter product of PCE 2 0.4U 0 0.2U 0
DCE* © Daughter product of TCE. 2 0.3U 0 0.38U 0
If cis is greater than 80% of total DCE it is likely a daughter] 0.3U 0.58U
product of TCE; 1,1-DCE can be a chem. reaction product 4 0.4U 0.56U
VC* Daughter product of DCE 2 0.4U 0 0.35U 0
1,1,1- Material released 0 0.3U 0 0.24U 0
Trichloroethane*
DCA Daughter product of TCA under reducing condition| 2 0.4U 0 0.7U 0
Carbon Material released 0 0.3U 0 U 0
Tetrachloride
Chloroethane* Daughter product of DCA or VC under reducing co| 2 0.4U 0 U 0
Ethene/Ethane >0.01 mg/L Daughter product of VC/ethene 2 0.005U 0 0.0001U 0
0.005U 0.0001U
>0.1 mg/L Daughter product of VC/ethene 3 0 0
Chloroform Daughter product of Carbon Tetrachloride 2 0.3U 0 0.3U 0
Dichloromethane Daughter product of Chloroform 2 NS 0 NS
<500 CFU/ml is low range; 900-2000 CFU/ml is
Heterotroph Plate Count** moderate; >10,000 CFU/ml is high 62U 300

Notes:

* required analysis according to EPA Technical Protocol for Evaluating Natural Attenuatin of Chlorinated Solvents in Groundwater
Background of alkalinity and chloride used fromMW-47 (NE site edge location)and MW42 (NW cprmer of site)
**Not part of the EPA screening process. A measurement conducted for additional information.

(a) Alkalinity background calculation. Background is average of the concentrations from MW42 and MW47.
2005 determination of background alkalinity: (257mg/L (MW42) + 256 mg/L (MW47))/2 = 256.5 mg/L. Twice background is 513 mg/L.
2006 determination of background alkalinity: (2*((241+318)/2) = 559 mg/L)

(b) Chloride 2xbackground calculation. Background is average of the concentrations from MW42 and MW47.
2005 determination of background chloride (50.9 mg/L (MW42) + 27.3 mg/L (MWA47))/2 = 39 mg/L. Twice background is 78.2 mg/L.
2006 determination of background chloride (2*((41.9+89)/2)=130.9 mg/L)

(c) Data is listed in this order: tran12DCE, 11DCE, cis12DCE

(d) See Table 3A for specific data results where non-detect (ND) is listed above.
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Natural Attenuation Interpretation Score Score
Screenin g Inadequate evidence for anaerobic biodegradation* of chlorin 0to5 2005 2006
Protocol Limited evidence for anaerobic biodegradation* of chlorinated 6to 14 5 5
MW16 Adequate evidence for anaerobic biodegradation* of chlorinai 15 to 20 inadequate inadequate
Strong evidence for anaerobic biodegradation* of chlorinated >20
Concentration in 2005 2006
Analysis Most Contam. Zone Yes | Data Points Data (d) Points
Oxygen* <0.5 mg/L Tolerated, suppresses the reductive pathway at hi 3 5.37 0 343 0
concentrations
>5mg/L Not tolerated; however, VC may be oxidized aerob[ -3 -3 0
Nitrate* <1 mg/L At higher concentrations may compete with reduct 2 0.61 2 0.74 2
pathway
Iron II* >1 mg/L Reductive pathway possible; VC may be oxidized 3 0.1U 0 0.2U 0
(ferrous-soluble) Fe(lll)-reducing conditions
Sulfate* <20 mg/L At higher concentrations may compete with reduct 2 48.4 0 58.9 0
pathway
Sulfide* >1 mg/L Reductive pathway possible 3 1 0 2U 0
Methane* >0.5 mg/L Ultimate reductive daughter product, VC Accumuld 3 0.005U 0 0.0001U 0
(<0.5 VC oxidizes)
Oxidation <50 millivolts (mV) Reductive pathway possible 1 61 0 -10 1
Reduction
Potential* (ORP) <-100mV Reductive pathway likely 2 0 0
pH* 5<pH<9 Optimal range for reductive pathway 0 7.48 0 7.29 0
5>pH>9 Outside optimal range for reductive pathway -2
TOC >20 mg/L Carbon and energy source; drives dechlorination; 2 NS NS
natural or anthropogenic
Temperature* >20°C At T >20°C biochemical process is accelerated 1 16.11 --
Carbon Dioxide >2x background Ultimate oxidative daughter product 1 NS
Alkalinity © >2x background Results from interaction of carbon dioxide with aq 1 269 0 302 0
2005: 513 / 2006: 559 |minerals
Chloride* ® >2x background Daughter product of organic chlorine 2 54.6 0 734 0
2005: 78.2 / 2006: 130.9
Hydrogen >1 nM Reductive pathway possible, VC may accumulate 3 NS NS
<1nM VC oxidized 0
Volatile Fatty Acids >0.1 mg/L Intermediates resulting from biodegradation of aroi 2 NS NS
compounds; carbon and energy source
BTEX* >0.1 mg/L Carbon and energy source; drives dechlorination 2 ND 0 ND 0
(100 ug/L)
PCE* Material released 0 6.7 0 0.66J 0
TCE* Daughter product of PCE 2 2.8 2 0.34] 0
DCE*© Daughter product of TCE. 2 0.3U 2 0.38U 0
If cis is greater than 80% of total DCE it is likely a daughter] 3.8 4.9
product of TCE; 1,1-DCE can be a chem. reaction product 15 0.56U
VC* Daughter product of DCE 2 0.4U 0 0.35U 0
1,1,1- Material released 0 11 0 12.6 0
Trichloroethane*
DCA Daughter product of TCA under reducing condition| 2 4.5 2 52 2
Carbon Material released 0 0.3U 0 0.3U 0
Tetrachloride
Chloroethane* Daughter product of DCA or VC under reducing co| 2 0.4U 0 0.33U 0
Ethene/Ethane >0.01 mg/L Daughter product of VC/ethene 2 0.005U 0 0.0001U 0
0.005U 0.0001U
>0.1 mg/L Daughter product of VC/ethene 3 0 0
Chloroform Daughter product of Carbon Tetrachloride 2 0.3U 0 0.19U 0
Dichloromethane Daughter product of Chloroform 2 NS

Heterotroph Plate Count**

<500 CFU/ml is low range; 900-2000 CFU/ml is
moderate; >10,000 CFU/ml is high

Notes:

* required analysis according to EPA Technical Protocol for Evaluating Natural Attenuatin of Chlorinated Solvents in Groundwater
Background of alkalinity and chloride used fromMW-47 (NE site edge location)and MW42 (NW cprmer of site)
**Not part of the EPA screening process. A measurement conducted for additional information.

(a) Alkalinity background calculation. Background is average of the concentrations from MW42 and MW47.
2005 determination of background alkalinity: (257mg/L (MW42) + 256 mg/L (MW47))/2 = 256.5 mg/L. Twice background is 513 mg/L.
2006 determination of background alkalinity: (2*((241+318)/2) = 559 mg/L)

(b) Chloride 2xbackground calculation. Background is average of the concentrations from MW42 and MW47.
2005 determination of background chloride (50.9 mg/L (MW42) + 27.3 mg/L (MWA47))/2 = 39 mg/L. Twice background is 78.2 mg/L.
2006 determination of background chloride (2*((41.9+89)/2)=130.9 mg/L)

(c ) Data is listed in this order: tran12DCE, 11DCE, cis12DCE

(d) See Table 3A for specific data results where non-detect (ND) is listed above.
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Natural Attenuation Interpretation Score Score
Screenin g Inadequate evidence for anaerobic biodegradation* of chlorin| Oto5 2005 2006
Protocol Limited evidence for anaerobic biodegradation* of chlorinated 6to 14 0 -3
MW18 Adequate evidence for anaerobic biodegradation* of chlorinaf 15 to 20 inadequate inadequate
Strong evidence for anaerobic biodegradation* of chlorinated >20
Concentration in 2005 2006
Analysis Most Contam. Zone Yes | Data Points Data (d) Points
Oxygen* <0.5 mg/L Tolerated, suppresses the reductive pathway at hi 3 5.03 0 5.36 0
concentrations
> 5mg/L Not tolerated; however, VC may be oxidized aerob| -3 -3 -3
Nitrate* <1 mg/L At higher concentrations may compete with reduct 2 32 0 7.8 0
pathway
Iron I1* >1 mg/L Reductive pathway possible; VC may be oxidized 3 0.1 0 0.1U 0
(ferrous-soluble) Fe(lll)-reducing conditions
Sulfate* <20 mg/L At higher concentrations may compete with reduct 2 191 2 29.7 0
pathway
Sulfide* >1 mg/L Reductive pathway possible 3 iy 0 2U 0
Methane* >0.5 mg/L Ultimate reductive daughter product, VC Accumulg 3 0.0092 0 0.0001U 0
(<0.5 VC oxidizes)
Oxidation <50 millivolts (mV) Reductive pathway possible 1 26 1 90 0
Reduction
Potential* (ORP) <-100mV Reductive pathway likely 2 0 0
pH* 5<pH<9 Optimal range for reductive pathway 0 7.15 0 7.19 0
5>pH>9 Outside optimal range for reductive pathway -2
TOC >20 mg/L Carbon and energy source; drives dechlorination; 2
natural or anthropogenic
Temperature* >20°C At T >20°C biochemical process is accelerated 1
Carbon Dioxide >2x background Ultimate oxidative daughter product 1
Alkalinity © >2x background Results from interaction of carbon dioxide with aqu 1 294 0 234 0
2005: 513 / 2006: 559 |minerals
Chloride* ® >2x background Daughter product of organic chlorine 2 8.9 0 6.6 0
2005: 78.2 / 2006: 130.9
Hydrogen >1 nM Reductive pathway possible, VC may accumulate 3 NS NS
<inM VC oxidized 0
Volatile Fatty Acids >0.1 mg/L Intermediates resulting from biodegradation of aro 2 NS NS
compounds; carbon and energy source
BTEX* >0.1 mg/L Carbon and energy source; drives dechlorination 2 ND 0 ND 0
(100 ug/L)
PCE* Material released 0 0.4U 0 0.28U 0
TCE* Daughter product of PCE 2 0.4U 0 0.2U 0
DCE* © Daughter product of TCE. 2 0.3U 0 0.38U 0
If cis is greater than 80% of total DCE it is likely a daughter] 0.3U 0.58U
product of TCE; 1,1-DCE can be a chem. reaction product 4 0.4U 0.56U
VC* Daughter product of DCE 2 0.4U 0 0.35U 0
111- Material released 0 0.3U 0 0.24U 0
Trichloroethane*
DCA Daughter product of TCA under reducing condition| 2 0.4U 0 0.7U 0
Carbon Material released 0 0.3U 0 0.3U 0
Tetrachloride
Chloroethane* Daughter product of DCA or VC under reducing co[ 2 0.4U 0 0.33U 0
Ethene/Ethane >0.01 mg/L Daughter product of VC/ethene 2 0.005U 0 0.0001U 0
0.005U 0.0001U
>0.1 mg/L Daughter product of VC/ethene 3 0 0
Chloroform Daughter product of Carbon Tetrachloride 2 0.3U 0 0.19U 0
Dichloromethane Daughter product of Chloroform 2 NS

Heterotroph Plate Count**

<500 CFU/ml is low range; 900-2000 CFU/ml is

moderate; >10,000 CFU/ml is high

Notes:

* required analysis according to EPA Technical Protocol for Evaluating Natural Attenuatin of Chlorinated Solvents in Groundwater
Background of alkalinity and chloride used fromMW-47 (NE site edge location)and MW42 (NW cprmer of site)
**Not part of the EPA screening process. A measurement conducted for additional information.

(a) Alkalinity background calculation. Background is average of the concentrations from MW42 and MW47.
2005 determination of background alkalinity: (257mg/L (MW42) + 256 mg/L (MWA47))/2 = 256.5 mg/L. Twice background is 513 mg/L.
2006 determination of background alkalinity: (2*((241+318)/2) = 559 mg/L)

(b) Chloride 2xbackground calculation. Background is average of the concentrations from MW42 and MW47.

2005 determination of background chloride (50.9 mg/L (MW42) + 27.3 mg/L (MW47))/2 = 39 mg/L. Twice background is 78.2 mg/L.
2006 determination of background chloride (2*((41.9+89)/2)=130.9 mg/L)

(c) Datais listed in this order: tran12DCE, 11DCE, cis12DCE

(d) See Table 3A for specific data results where non-detect (ND) is listed above.

http://share/sites/Ipm/ir/2006 Groundwater Report/Appendices/Appendix K Attachment B Screening.xls

350

Page 6 of 20



Natural Attenuation Interpretation Score Score
Screenin g Inadequate evidence for anaerobic hiodegradation* of chlorin| 0to5 2005 2006
Protocol Limited evidence for anaerobic biodegradation* of chlorinated 6to 14 4 10
MWZO Adequate evidence for anaerobic biodegradation* of chlorinaf 15 to 20 inadequate limited
Strong evidence for anaerobic biodegradation* of chlorinated >20
Concentration in 2005 2006
Analysis Most Contam. Zone Yes | Data Points Data (d) Points
Oxygen* <0.5 mg/L Tolerated, suppresses the reductive pathway at hi 3 5.05 0 2.49 0
concentrations
> 5mg/L Not tolerated; however, VC may be oxidized aerob| -3 -3 0
Nitrate* <1 mg/L At higher concentrations may compete with reduct 2 0.8U 2 0.14 2
pathway
Iron I1* >1 mg/L Reductive pathway possible; VC may be oxidized 3 0.39 0 0.2U 0
(ferrous-soluble) Fe(lll)-reducing conditions
Sulfate* <20 mg/L At higher concentrations may compete with reduct 2 10.2 2 11.3 2
pathway
Sulfide* >1 mg/L Reductive pathway possible 3 1 0 2U 0
Methane* >0.5 mg/L Ultimate reductive daughter product, VC Accumulg 3 0.42 0 0.767 3
(<0.5 VC oxidizes)
Oxidation <50 millivolts (mV) Reductive pathway possible 1 -175 1 -187 1
Reduction
Potential* (ORP) <-100mV Reductive pathway likely 2 2 2
pH* 5<pH<9 Optimal range for reductive pathway 0 713 0 7.18 0
5>pH>9 Outside optimal range for reductive pathway -2
TOC >20 mg/L Carbon and energy source; drives dechlorination; 2
natural or anthropogenic
Temperature* >20°C At T >20°C biochemical process is accelerated 1
Carbon Dioxide >2x background Ultimate oxidative daughter product 1
Alkalinity © >2x background Results from interaction of carbon dioxide with aqu 1 357 0 324 0
2005: 513 / 2006: 559 |minerals
Chloride* ® >2x background Daughter product of organic chlorine 2 131 0 12.7 0
2005: 78.2 / 2006: 130.9
Hydrogen >1 nM Reductive pathway possible, VC may accumulate 3 NS NS
<inM VC oxidized 0
Volatile Fatty Acids >0.1 mg/L Intermediates resulting from biodegradation of aro 2 NS NS
compounds; carbon and energy source
BTEX* >0.1 mg/L Carbon and energy source; drives dechlorination 2 ND 0 ND 0
(100 ug/L)
PCE* Material released 0 0.4U 0 0.28U 0
TCE* Daughter product of PCE 2 0.4U 0 0.2U 0
DCE* © Daughter product of TCE. 2 0.3U 0 0.38U 0
If cis is greater than 80% of total DCE it is likely a daughter] 0.3U 0.58U
product of TCE; 1,1-DCE can be a chem. reaction product 4 0.4U 0.56U
VC* Daughter product of DCE 2 0.4U 0 0.35U 0
111- Material released 0 0.3U 0 0.24U 0
Trichloroethane*
DCA Daughter product of TCA under reducing condition| 2 0.4U 0 0.7U 0
Carbon Material released 0 0.3U 0 0.3U 0
Tetrachloride
Chloroethane* Daughter product of DCA or VC under reducing co[ 2 0.4U 0 0.33U 0
Ethene/Ethane >0.01 mg/L Daughter product of VC/ethene 2 0.025U 0 0.0001U 0
0.025U 0.0001U
>0.1 mg/L Daughter product of VC/ethene 8 0 0
Chloroform Daughter product of Carbon Tetrachloride 2 0.3U 0 0.19U 0
Dichloromethane Daughter product of Chloroform 2 NS
<500 CFU/ml is low range; 900-2000 CFU/ml is
Heterotroph Plate Count** moderate; >10,000 CFU/ml is high 34U 100

Notes:

* required analysis according to EPA Technical Protocol for Evaluating Natural Attenuatin of Chlorinated Solvents in Groundwater
Background of alkalinity and chloride used fromMW-47 (NE site edge location)and MW42 (NW cprmer of site)
**Not part of the EPA screening process. A measurement conducted for additional information.

(a) Alkalinity background calculation. Background is average of the concentrations from MW42 and MW47.
2005 determination of background alkalinity: (257mg/L (MW42) + 256 mg/L (MWA47))/2 = 256.5 mg/L. Twice background is 513 mg/L.
2006 determination of background alkalinity: (2*((241+318)/2) = 559 mg/L)

(b) Chloride 2xbackground calculation. Background is average of the concentrations from MW42 and MW47.
2005 determination of background chloride (50.9 mg/L (MW42) + 27.3 mg/L (MW47))/2 = 39 mg/L. Twice background is 78.2 mg/L.
2006 determination of background chloride (2*((41.9+89)/2)=130.9 mg/L)

(c) Data is listed in this order: tran12DCE, 11DCE, cis12DCE

(d) See Table 3A for specific data results where non-detect (ND) is listed above.
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Notes:

* required analysis according to EPA Technical Protocol for Evaluating Natural Attenuatin of Chlorinated Solvents in Groundwater
Background of alkalinity and chloride used fromMW-47 (NE site edge location)and MW42 (NW cprmer of site)
**Not part of the EPA screening process. A measurement conducted for additional information.

(a) Alkalinity background calculation. Background is average of the concentrations from MW42 and MW47.
2005 determination of background alkalinity: (257mg/L (MW42) + 256 mg/L (MW47))/2 = 256.5 mg/L. Twice background is 513 mg/L.
2006 determination of background alkalinity: (2*((241+318)/2) = 559 mg/L)

(b) Chloride 2xbackground calculation. Background is average of the concentrations from MW42 and MW47.

2005 determination of background chloride (50.9 mg/L (MW42) + 27.3 mg/L (MWA47))/2 = 39 mg/L. Twice background is 78.2 mg/L.
2006 determination of background chloride (2*((41.9+89)/2)=130.9 mg/L)

(c) Data is listed in this order: tran12DCE, 11DCE, cis12DCE

(d) See Table 3A for specific data results where non-detect (ND) is listed above.
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Natural Attenuation Interpretation Score Score
Screenin g Inadequate evidence for anaerobic biodegradation* of chlorin 0to5 2005 2006
Protocol Limited evidence for anaerobic biodegradation* of chlorinated 6to 14 -1 -1
MW30 Adequate evidence for anaerobic biodegradation* of chlorinai 15 to 20 inadequate inadequate
Strong evidence for anaerobic biodegradation* of chlorinated >20
Concentration in 2005 2006
Analysis Most Contam. Zone Yes | Data Points Data (d) Points
Oxygen* <0.5 mg/L Tolerated, suppresses the reductive pathway at hi 3 6.84 0 9.61 0
concentrations
> 5mg/L Not tolerated; however, VC may be oxidized aerob[ -3 -3 -3
Nitrate* <1 mg/L At higher concentrations may compete with reduct 2 0.14U 2 0.11U 2
pathway
Iron II* >1 mg/L Reductive pathway possible; VC may be oxidized 3 0.1U 0 0.2U 0
(ferrous-soluble) Fe(lll)-reducing conditions
Sulfate* <20 mg/L At higher concentrations may compete with reduct 2 35.9 0 39.6 0
pathway
Sulfide* >1 mg/L Reductive pathway possible 3] 0.1U 0 2U 0
Methane* >0.5 mg/L Ultimate reductive daughter product, VC Accumuld 3 0.005U 0 0.0001U 0
(<0.5 VC oxidizes)
Oxidation <50 millivolts (mV) Reductive pathway possible 1 102 0 59 0
Reduction
Potential* (ORP) <-100mV Reductive pathway likely 2 0 0
pH* 5<pH<9 Optimal range for reductive pathway 0 7.3 0 6.98 0
5>pH>9 Outside optimal range for reductive pathway -2
TOC >20 mg/L Carbon and energy source; drives dechlorination; 2
natural or anthropogenic
Temperature* >20°C At T >20°C biochemical process is accelerated 1
Carbon Dioxide >2x background Ultimate oxidative daughter product 1
Alkalinity © >2x background Results from interaction of carbon dioxide with aq 1 197 0 155 0
2005: 513/ 2006: 559 |minerals
Chloride* ® >2x background Daughter product of organic chlorine 2 20 0 59.4 0
2005: 78.2 / 2006: 130.9
Hydrogen >1 nM Reductive pathway possible, VC may accumulate 3 NS NS
<1lnM VC oxidized 0
Volatile Fatty Acids >0.1 mg/L Intermediates resulting from biodegradation of aroi 2 NS NS
compounds; carbon and energy source
BTEX* >0.1 mg/L Carbon and energy source; drives dechlorination 2 ND 0 ND 0
(100 ug/L)
PCE* Material released 0 0.4U 0 0.28U 0
TCE* Daughter product of PCE 2 0.4U 0 0.2U 0
DCE*© Daughter product of TCE. 2 0.3U 0 0.38U 0
If cis is greater than 80% of total DCE it is likely a daughter] 0.3U 0.58U
product of TCE; 1,1-DCE can be a chem. reaction product 4 0.4U 0.56U
VC* Daughter product of DCE 2 0.4.U 0 0.35U 0
11,1- Material released 0 0.3U 0 0.24U 0
Trichloroethane*
DCA Daughter product of TCA under reducing condition| 2 0.4U 0 0.7U 0
Carbon Material released 0 0.3U 0 0.3U 0
Tetrachloride
Chloroethane* Daughter product of DCA or VC under reducing co| 2 0.4U 0 0.33U 0
Ethene/Ethane >0.01 mg/L Daughter product of VC/ethene 2 0.005U 0 0.0001U 0
0.005U 0.0001U
>0.1 mg/L Daughter product of VC/ethene 3 0 0
Chloroform Daughter product of Carbon Tetrachloride 2 0.3U 0 0.19U 0
Dichloromethane Daughter product of Chloroform 2 NS
<500 CFU/ml is low range; 900-2000 CFU/ml is
Heterotroph Plate Count** moderate; >10,000 CFU/ml is high 354 300
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Natural Attenuation Interpretation Score Score
Screenin g Inadequate evidence for anaerobic biodegradation* of chlorin 0to5 2005 2006
Protocol Limited evidence for anaerobic biodegradation* of chlorinated 6to 14 3 -1
MW33A Adequate evidence for anaerobic biodegradation* of chlorina 15to0 20 inadequate inadequate
Strong evidence for anaerobic biodegradation* of chlorinated >20
Concentration in 2005 2006
Analysis Most Contam. Zone Yes | Data Points Data (d) Points
Oxygen* <0.5 mg/L Tolerated, suppresses the reductive pathway at hi 3 7.55 0 7.67 0
concentrations
> 5mg/L Not tolerated; however, VC may be oxidized aerob[ -3 -3 -3
Nitrate* <1 mg/L At higher concentrations may compete with reduct 2 3 0 3.6 0
pathway
Iron II* >1 mg/L Reductive pathway possible; VC may be oxidized 3 0.1U 0 0.1U 0
(ferrous-soluble) Fe(lll)-reducing conditions
Sulfate* <20 mg/L At higher concentrations may compete with reduct 2 105 0 84.8 0
pathway
Sulfide* >1 mg/L Reductive pathway possible 3 1 0 2U 0
Methane* >0.5 mg/L Ultimate reductive daughter product, VC Accumuld 3 0.005U 0 0.0001U 0
(<0.5 VC oxidizes)
Oxidation <50 millivolts (mV) Reductive pathway possible 1 53 0 64 0
Reduction
Potential* (ORP) <-100mV Reductive pathway likely 2 0 0
pH* 5<pH<9 Optimal range for reductive pathway 0 7.24 0 7.09 0
5>pH>9 Outside optimal range for reductive pathway -2
TOC >20 mg/L Carbon and energy source; drives dechlorination; 2
natural or anthropogenic
Temperature* >20°C At T >20°C biochemical process is accelerated 1
Carbon Dioxide >2x background Ultimate oxidative daughter product 1
Alkalinity © >2x background Results from interaction of carbon dioxide with aqu 1 313 0 306 0
2005: 513 / 2006: 559 |minerals
Chloride* ® >2x background Daughter product of organic chlorine 2 41.9 0 79.8 0
2005: 78.2 / 2006: 130.9
Hydrogen >1 nM Reductive pathway possible, VC may accumulate 3 NS NS
<1nM VC oxidized 0
Volatile Fatty Acids >0.1 mg/L Intermediates resulting from biodegradation of aroi 2 NS NS
compounds; carbon and energy source
BTEX* >0.1 mg/L Carbon and energy source; drives dechlorination 2 ND 0 ND 0
(100 ug/L)
PCE* Material released 0 2.2 0 1 0
TCE* Daughter product of PCE 2 4.7 2 25 2
DCE* © Daughter product of TCE. 2 0.3U 2 0.38U 0
If cis is greater than 80% of total DCE it is likely a daughter] 2.1 11
product of TCE; 1,1-DCE can be a chem. reaction product 4 0.4U 0.56U
VC* Daughter product of DCE 2 0.4U 0 0.35U 0
1,1,1- Material released 0 35 0 16 0
Trichloroethane*
DCA Daughter product of TCA under reducing condition| 2 0.6 2 0.7U 0
Carbon Material released 0 0.3U 0 0.3U 0
Tetrachloride
Chloroethane* Daughter product of DCA or VC under reducing co| 2 0.4U 0 0.33U 0
Ethene/Ethane >0.01 mg/L Daughter product of VC/ethene 2 0.005U 0 0.0001U 0
0.005U 0.0001U
>0.1 mg/L Daughter product of VC/ethene 3 0 0
Chloroform Daughter product of Carbon Tetrachloride 2 0.3U 0 0.19U 0
Dichloromethane Daughter product of Chloroform 2 NS

Heterotroph Plate Count**

<500 CFU/ml is low range; 900-2000 CFU/ml is
moderate; >10,000 CFU/ml is high

Notes:

* required analysis according to EPA Technical Protocol for Evaluating Natural Attenuatin of Chlorinated Solvents in Groundwater
Background of alkalinity and chloride used fromMW-47 (NE site edge location)and MW42 (NW cprmer of site)
**Not part of the EPA screening process. A measurement conducted for additional information.

(a) Alkalinity background calculation. Background is average of the concentrations from MW42 and MW47.
2005 determination of background alkalinity: (257mg/L (MW42) + 256 mg/L (MW47))/2 = 256.5 mg/L. Twice background is 513 mg/L.
2006 determination of background alkalinity: (2*((241+318)/2) = 559 mg/L)

(b) Chloride 2xbackground calculation. Background is average of the concentrations from MW42 and MW47.

2005 determination of background chloride (50.9 mg/L (MW42) + 27.3 mg/L (MWA47))/2 = 39 mg/L. Twice background is 78.2 mg/L.
2006 determination of background chloride (2*((41.9+89)/2)=130.9 mg/L)

(c ) Data is listed in this order: tran12DCE, 11DCE, cis12DCE

(d) See Table 3A for specific data results where non-detect (ND) is listed above.
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Natural Attenuation Interpretation Score Score
Screenin g Inadequate evidence for anaerobic biodegradation* of chlorin 0to5 2005 2006
Protocol Limited evidence for anaerobic biodegradation* of chlorinated 6to 14 1 1
MW34 Adequate evidence for anaerobic biodegradation* of chlorinai 15 to 20 inadequate inadequate
Strong evidence for anaerobic biodegradation* of chlorinated >20
Concentration in 2005 2006
Analysis Most Contam. Zone Yes | Data Points Data (d) Points
Oxygen* <0.5 mg/L Tolerated, suppresses the reductive pathway at hi 3 7.66 0 6.7 0
concentrations
>5mg/L Not tolerated; however, VC may be oxidized aerob[ -3 -3 -3
Nitrate* <1 mg/L At higher concentrations may compete with reduct 2 5 0 3 0
pathway
Iron II* >1 mg/L Reductive pathway possible; VC may be oxidized 3 0.1U 0 0.1U 0
(ferrous-soluble) Fe(lll)-reducing conditions
Sulfate* <20 mg/L At higher concentrations may compete with reduct 2 89.3 0 66.9 0
pathway
Sulfide* >1 mg/L Reductive pathway possible 3] v 0 2U 0
Methane* >0.5 mg/L Ultimate reductive daughter product, VC Accumuld 3 0.005U 0 0.0001U 0
(<0.5 VC oxidizes)
Oxidation <50 millivolts (mV) Reductive pathway possible 1 62 0 83 0
Reduction
Potential* (ORP) <-100mV Reductive pathway likely 2 0 0
pH* 5<pH<9 Optimal range for reductive pathway 0 7.18 0 713 0
5>pH>9 Outside optimal range for reductive pathway -2
TOC >20 mg/L Carbon and energy source; drives dechlorination; 2
natural